Final internal processing temperatures within the range of 63 to 74°C did not alter the degree of botulinal inhibition in inoculated perishable canned comminuted cured pork abused at 27°C. Adding hemoglobin to the formulation reduced residual nitrite after processing and decreased botulinal inhibition. Different meats yielded different rates of botulinal outgrowth when substituted for fresh pork ham. Pork or beef heart meat showed no inhibition of the Clostridium botulinum inoculum even with a 156-Ag/g amount of sodium nitrite added to the product. This effect appears to be one of stimulating outgrowth, since residual nitrite depletion was not measurably altered.
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It was earlier reported that some variation occurred among inoculated packs of perishable canned comminuted cured meat (6) . Tests have been conducted to determine the cause of this variation, thereby improving the test system for monitoring additives. Also, by determining the causes of variation, some clues might develop as to the mechanism by which nitrite inhibits Clostridium botulinum in cured meats. The factors examined in this series of tests include thermal processing and the amount of muscle pigmentation. The role of residual nitrite versus added nitrite is also discussed.
MATERIALS AND METHODS
Inoculum. The C. botulinum inoculum consisted of a mixture of five type A and five type B strains prepared as described earlier (6) . The mixed spore suspension was heated at 80°C for 15 min and added to the meat during formulation, using a target level of 100 spores/g of product.
Formulation and processing. Except as otherwise stated, perishable canned comminuted cured pork was formulated, inoculated, processed, and chilled as previously described (1 Increased pigment in the form of added hemoglobin decreased botulinal inhibition (Fig. 2) . Addition of 1% (wt/wt) hemoglobin had the net effect of reducing residual sodium nitrite after cooking by about 25 ug/g. The response observed with 50 ,ug of added nitrite per g plus hemoglobin was the same as that obtained when no nitrite was added to this product (6) .
The effect with different meats is apparent from Fig. 3 (1) .
DISCUSSION
The data show that the variation in nitrite inhibition reported earlier (6) cannot be explained on the basis of subtle differences in the thermal processing. Rhodes and Jarvis (4) range of 63 to 740C no increased sensitivity to nitrite was observed (Fig. 1) .
It was earlier reported that increasing nitrite levels from 30 to 340 ,ug/g showed increasing inhibition when botulinal spores were added to bacon after processing (2). This is additional evidence that the degree of botulinal inhibition is not a function of heat in lightly processed (i.e., perishable) cured meats.
Christiansen et al. (1) Reducing residual nitrite levels for cured meat ual nitrite plays a role in botulinal inhibition at products at the retail level is being proposed to the time of product abuse. One means of testing reduce the possibility of nitrosamine formation the role of residual nitrite would be to add some at the time the products are consumed. This material that ties up more of the added nitrite. proposal forces the question as to whether resid-Nitrite reacts with myoglobin in meat to produce The foregoing raised the possibility that variation in muscle pigmentation might influence the efficacy of nitrite among batches of meat. The significance of pigmentation is confirmed in the test with different types of meat. The total loss of inhibition in heart meat was unexpected. Heart meat is more heavily pigmented (i.e., darker) than the other meats tested. However, the reason for the loss of inhibition is not obvious. The rate of nitrite depletion in heart meat was not different from that in the other meats. Also, both heart meats showed swells on day 5, when residual nitrite was still at a level of about 60 ug/g. One likely explanation is that some factor in heart meat stimulates botulinal outgrowth. Another possibility is that some factor is present that neutralizes or blocks the inhibitory nature of residual nitrite. The overall data suggest that this factor is in approximate proportion to the degree of pigmentation. This is apparent if the degrees of pigmentation of the meats are roughly grouped in descending order as follows: heart meat; beef round and turkey thigh meat; pork ham, veal, and turkey breast.
Muscle pigmentation is due to myoglobin and, to a lesser extent, hemoglobin remaining after carcass bleeding. We suspect that the responses obtained with the addition of hemoglobin and the use of heart meat represent two different phenomena. The inhibitory effect of residual nitrite observed in the hemoglobin test (Fig. 2) was overcome by some essential factor(s) present in the heart meats. Additional research, now in progress, suggests that it is a higher level of readily available iron in heart meat that causes the loss of inhibition. Iron bound in the form of heme pigment does not cause the same effect. We feel this is a clue to the mechanism by which nitrite is inhibitory to botulinal outgrowth in perishable canned cured meat. We offer the hypothesis that nitric oxide, which is formed from residual nitrite via nitrous acid, reacts with iron in the vegetative cells, thereby blocking some metabolic step essential for outgrowth. This reaction might involve the iron in ferredoxin or an enzyme in which iron plays an essential role.
